Occurrence, coverage and chemical constituents of aquatic flora were studied in two Indian ponds over a period of 39-month in order to gain an insight into their associations and infestation for implications in conservation and management. Species diversity was recorded in presence of two invasive species (Alternanthera philoxeroides (Martius) Griseb. and Lemna aequinoctialis Welwitsch). These species should be managed in view of their beneficial uses. Nymphaea pubescens Willd, a threatened species, was recorded. Positive association of Nymphoides hydrophylla (Loureiro) O. Kuntze with Alternanthera philoxeroides and Vallisneria spiralis L. showed that spatially separated habitats are useful for conservation. Azolla pinnata R. Brown, an useful species and Rotala rotundifolia (F. Hamilton ex Roxburgh) Koehne, an uncommon species, were able to produce high coverage in their brief occurrence -important for their conservation. Similar feature as observed in Cladophora glomerata (L.) Kütz and Hydrodictyon reticulatum (L.) Lagerh. is useful for management of these species due to their negative impacts.
Introduction
The State of West Bengal of India harbors nearly 57,000 small ponds (individual surface area < 2.25 ha). These ecosystems support 380 aquatic plant species belonging to 176 genera and 81 families which represent about 60% of the diversity of the Indian aquatic vascular plants (Cook 1996 , Ghosh 2005 . Being located in a monsoon region, the State supports a luxuriant growth of these plants throughout the year. Conservation of aquatic flora is an important part of the management regime of ponds in view of its regular use, specially by the villagers in rural landscapes. Aquatic plants also directly or indirectly provide fishes, birds, amphibians, reptiles and mammals with food, shelter and breeding sites, thus enhancing habitat diversity. They also support livelihood subsistence to several thousand rural folks in India and Bangladesh (Irfanullah 2002 , Ghosh 2005 .
In recent times, many species are gradually becoming rare in their earlier area of occurrence due to habitat modifications, overharvesting and invasion by exotic as well as aggressive weeds (Lacoul and Freedman 2006) . Thus, aquatic plants are also directly threatened, sometimes even without coming to the knowledge of mankind (Cronk and Fennessy 2001) . Record of different species of aquatic plants has been regarded as a botanical conservation index for ponds (Linton and Goulder 2000) . Charting the occurrence of individual species in a pond specially in presence of invasive weeds along with its phenology, coverage and chemical composition over time could provide valuable information on conservation and management related issues, options or strategies.
The knowledge of aquatic flora regarding the above-mentioned aspects is scarce particularly for pond ecosystems (Mukhopadhyay and Dewanji 2005) since they are primarily regarded to be a nuisance. Masses of vegetation are commonly eradicated from ponds to make the water body available for fishery practices. In view of the importance of aquatic plants, a baseline data on monthly variation in occurrence, phenology, coverage and nutrient contents of various species of aquatic flora found in two ponds near Kolkata, West Bengal were collected over a period of three years and three months in order to gain an insight into their conservation and management options or strategies.
Materials and Methods
Data were collected on a monthly basis, , respectively) and shallow (maximum depth: 4.5 and 5.0 m, average depth: 2.2 ± 1.8 and 3.4 ± 1.2 m, respectively) with one inlet and one outlet. The surrounding land cover for both ponds is dominated by shading trees with overhanging branches, roads, nursery, temple and the ponds are primarily used by the local people as a water source for bathing, washing of clothes and utensils.
In this study, 'aquatic plants' will mean those plants, visible to the naked eye, that grow in the littoral zone of a water body and consisting of angiosperms, ferns and large freshwater algae.
Occurrence: Plant species were recorded by walking along the margin of the pond as well as by a boat. An Aquascope and a rake were used for observation and collection of submerged plants (Dennis and Isom 1984) . Individual voucher specimen of each species was collected, dried and mounted on herbarium sheet (Martin 1995) . Angiosperms and ferns were identified following Cook (1996) , while macroalgae were identified according to Biswas and Calder (1955) and Boyd and Tucker (1998) . Expert opinion was sought from the Central National Herbarium, Indian Botanic Garden, Sibpur, Howrah for reconfirmation of the identification.
Phenology: Monthly variations in leaf measurements of some dominant aquatic plant species were measured during a one-year period (May 1999 to April 2000 . Period of flowering as well as fruiting was observed and recorded for each species.
Cover percent: A stratified random design was used to determine monthly coverage of plants, present at six sampling points per pond, mainly at the littoral zone where majority of the plants occurred. It should be emphasized that the data collected therefore characterize the littoral zone, which in case of shallow ponds may be identical with the flora of the entire pond. At each sampling point, cover percent of each species was visually determined by placing a 1 m 2 quadrat ten times (Srivastava et al. 1995) in three zones, namely, surface water -for floating plants; bottom -for submerged plants (Crawford 1977 , Ali et al. 1999 ) and shoreline -for emergent plants, each to a maximum cover of 100%.
Chemical composition: Plant samples were collected from six sampling points in each of two ponds. After removing excess water and debris, samples were dried in an oven at 70 0 C to constant weight. After drying, all samples were ground in a Cyclotec mill and used subsequently for chemical analysis following standard methods (AOAC 1984) . Nitrogen (% dry weight) was determined by the micro Kjeldahl method in a Kjeltec 1026 unit (Tecator, Höganäs, Sweden). Ash was estimated by incinerating plant sample at 550 0 C in a muffle furnace for 4-6 hrs. After ashing, samples were dissolved in nitric acid (10% v/v) and after dilution, the acid digest was used for determination of tissue phosphorus (% dry weight) by colorimetric method (Fiske and Subbarow 1925) .
Statistical analysis: Univariate description of cover percent and chemical constituents of different species of aquatic flora based on calculation of sample statistics such as mean, standard deviation, maximum and minimum values have been done on the complete dataset. To study the interrelationship between coverage of different species, Pearson's correlation coefficients were worked out.
Results and Discussion
Species list: A total of 13 plant species were recorded in the two ponds during the study period. The species list involved Alternanthera philoxeroides (Martius) Griseb.
Vallisneria spiralis L. (Hydrocharitaceae).
Occurrence: The monthly occurrence of different plant species in the two study ponds is given in Fig.1 . Occurrence of plant species ≥ 50% of the study period was considered to be the dominant flora while the rest was regarded as less dominant ones.
Less dominant Flora
Azolla pinnata (13)
Alternanthera philoxeroides (54)
Pond 203
Vallisneria spiralis (100) 
Dominant Flora
Less dominant Flora
Azolla pinnata (8)
Pond 206
Nymphaea pubescens (3) Among the less dominant species, Azolla pinnata was found in both ponds during the last three months (March to May 2002) of the study period. In India, large-scale growth of this species has been reported and it was found that during the growing season (winter) it can double its weight in less than 7 days (Gopal 1967) . Cladophora glomerata was found forming dense filamentous cushion on soft substrates at a maximum depth Ramakrishnan (1960) found that the incidence of this species was higher at the end of the rainy and winter seasons. Hydrodictyon reticulatum made an appearance in submerged condition at a maximum depth of 0.5 m in the littoral zone during February 2001 in Pond 206. In some temperate regions, the species is reported to form extensive surface mats during summer on a regular basis (Wells and Clayton 2001) . Marsilea minuta was present only in Pond 203 mainly during July 1999 to November 2000. The floating leaves of Nymphaea pubescens were noticed only once in October 2001 in Pond 206, while it grew intermittently along the littoral zone in Pond 203. This species has been regarded to be threatened in West Bengal (Ghosh 2005) . Bushy growth of Rotala rotundifolia was observed up to 2 m depth in the littoral zone of Pond 203, mostly during the years 1999 and 2000. The species has been reported to be uncommon in West Bengal (Ghosh 2005) . Although Pond 203 was not used for cultivation of Trapa natans, the species was observed at only one location for a brief period (February to April 2000). In tropical climates, maximum growth of this species has been observed during winter (Kumari and Datta Munshi 1991) , while in temperate ponds, the time was generally summer (Kunii and Maeda 1982).
Phenology: Monthly variation of leaf measurements of three dominant species in Pond 203 during May 1999 to April 2000 is given in Fig. 2 . Fronds of Lemna aequinoctialis were 0.4 to 3.0 mm long (Fig. 2a) and 0.3 to 2.0 mm wide. Maximum frond length was observed during January. Blades of floating leaves of Nymphoides hydrophylla were 1.8 to 15.0 cm wide and maximum value was observed during May (Fig. 2b) . Leaves of Vallisneria spiralis were 8.4 to 82.8 cm long, 3.0 to 9.0 mm wide (Figs. 2c-d) . Higher values of leaf length were observed from May to September, while leaf breadth was comparatively stable and always < 10 mm. Cook (1996) reported that leaves might be up to 2 m long. As per Lowden's classification (1982) , the plant found in the present study fell into the narrow leaved (< 10 mm width) category. Only flowering was recorded for Alternanthera philoxeroides (throughout the year), Nymphoides hydrophylla (throughout the summer and winter months), Vallisneria spiralis (only staminate flowers were observed throughout the year), Commelina benghalensis (aerial chasmogamous flowers were found throughout the presence of the plant) and Eclipta alba (during August). In case of Nymphaea pubescens both flowers (during the rainy season) and fruits (during November) were observed.
Cover percent: The mean cover percent values of all the plants found in this study are reported in Table 1 along with their maximum values to give an idea about their potential for maximum coverage. It can be seen that all dominant flora had maximum values Mukhopadhyay and Dewanji (2004) . Xian et al. (2006) identified allelochemicals from the extracts of this plant which had strong inhibitory effects on colonial cyanobacteria Microcystis. Thus presence of V. spiralis only in Pond 203 is thereby benef could be a cause of greater diversity in this pond.
Among the less dominant species, Azolla pinnata and Marsilea minuta, the sole representatives of the families Azollaceae and Marsileaceae in West Bengal, were also recorded. Occurrence, ability to grow (maximum co co petitive association of Lemna aequinoctialis is important in view of the conservation of Azolla pinnata, which is a potential source of biofertilizer. In the present study, Marsilea minuta was also found in association with diverse plant communities like Commelina benghalensis, Nymphaea pubescens, Rotala rotundifolia, Nymphoides hydrophylla and Vallisneria spiralis. Similar association was rep in various fish ponds where the presence of M. minuta in non-netting zones enhanced biodiversity without disturbing fishery practices. The other major association consisted of Lemna aequinoctialis (free-floating), Nymphoides hydrophylla and Nymphaea pubescens (rooted-floating) for shared resources and nutrient status. The association evident between two emergent plants Eclipta alba and Alternanthera philoxeroides could probably be explained by their tissue nitrogen and phosphorus contents. Eclipta alba with its low requirement of these nutrients could flourish in presence of A. philoxeroides, which had a comparatively higher nitrogen and phosphorus contents.
Nymphaea pubescens, one of the two species of the genus Nymphaea generally observed in West Bengal, is now considered as 'threatened' because of indiscriminate harvesting of rhizomes as alternative vegetables and source of medicine in rural Bengal (Ghosh, 2005) . The presence of this species in Pond 203 adds to the diversity. Rotala rotundifolia was also found in Pond 203 and hence gave us an opportunity to study its occurrence (present 14 months in a 39-month study period), coverage (ability to grow to 0 ≥7 % coverage occasionally) and its associations (ability to share space with other submerged plants like Vallisneria spiralis and Cladophora glomerata). Mean nitrogen and phosphorus percent was found to be highest in R. rotundifolia when compared with the two other submerged species of this pond, namely V. spiralis and C. glomerata.
Conservation strategies for the growth of Nymphaea pubescens for its use as food, Eclipta alba for its medicinal values and Rotala rotundifolia which is uncommon in this region, should be developed. On the contrary, Cladophora glomerata and Hydrodictyon reticulatum -the scum forming algae should also be managed since they can grow to nuisance proportions causing problems for boating, fisheries and water supply.
Phenology of different species showed that the majority of plants reproduced by vegetative structures, thus regular observation of these structures specially for less dominant species is also important for their conservation. A regular record of aquatic plants in ponds should therefore be maintained in order to get an insight into the regional diversity as well as for initiating future conservation and management for the proper health and functioning of pond ecosystems.
